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Deseriptlon 

RELD OF THE INVENTION 
BACKGROUND OF THE INVENTION 

anode in the from of metallic lithium a mZ tS^SL^^^l^ ^ "^'"^"^ "'"^""^ ^ '^'S^'V ^'retroactive 

electrochemically active cathode ^i^ nZl^^^Jt T "^^ ^^^^^ ^ *® electrolyte, an 

meable separate placed^Snl^rjS^ SfS! *?h^ °' ^ ^'"^r « «e>n'Per- 
short<i,cuiting. ^® ^ ^« separator acts as a mechanicalibarrier agamst 

i^siraSrtS^.sror:i^^^^^ 

tOOOSl one way which partially o^e^sS^Uem^JlT V'^ T"^ short<ircuiting. 
large excess of lithium in the cej typicl^ Ja fo^f^w 2^Ti^. from lrth«;m dendrites formation is to resort a 
anode Which is typicalV 150 -2oim^5S,s^ a^ /Sli^^^r "^T'" '^^^^^^ ^ the 

and attainable power of the cell, the ^Slv^^S|?l^ "^^^^^^ between overall anode area 

therefore, to relatively, low power dens^^theSM and ft i^Jh^^^^^ f ^. '^'^''^'^'^ ^^^^ ^nd 

cell reduces overall cell capacity the laraer l^hlur^^^^^ 1 '"^^^'^^ ^V^'*- '" addition, lithium excess in the 

lively expensive, cell cost i^ hcT;;;;! "'" '^"^''^ « '""e^ently more dangerous, and as lithium is compaia- 

ffi4.S5^hnS[T.^£;tSi:;:^ 

mA/cm2. which resulte in long charging tK ^ density, typically 0.3 

f^^getSSrarairJSl^^^^^^^^ 

ions to form Li, C,; where x is lower thaal ' ' ^ ""^^ " 9'^*^- '"teicalated with lithium 

^^ityd'eSetrrrc^^^^^^^^^^^ 

mAh/g for pure lithium metal. AA cells wtthTgSZl ^teLt^ '°r' ^^'"^ 3860 

M.3.as,oSa™rhaveamaximum.pacityr:r^^^^^^ 

Jn°rorl.?Sim?S'aZl^e*^i^^^^^^ 

has a bulk density no greater than ysSat ofXHlKum^?^^^ 

Lid i.HodVan'dS:ShX^^^^^^^^^ ^ .ithium^ontaining anode, a 

a light metai which forms the anode by elec^h^.S?Xing '""'"m is incorporated in 

'^^^'o..:^^""^^^^^^ -^^'^^ -P^'-s p^t^gon toa pri- 

tralise by-products detrimental to the procesTuhhln ^l^ri^J^H T f"^ * supplementary cathode to neu- 
the lithium ions. ^ ^'""^ ^^'""'^^ '"^'""^ hexafluoroarsenate may be used to provide 

'^s%JZZc1!Tn,ToZl^^^^^ rr^-'-e olectrochem^l cell. There is 

capable of reversibly incorporating a layerofTaitern,^2 '=0'"P"sing a first electrode 

versibV .ncorporatin^ ther^n a. J mlr^ns?"an1lt^ eZZtTc::^^^-^'^'' f^''^' '^^^''^^ °' - 
electrodes, characterised in that the cell is in an uncha^ c^! separating the first and second 

stainless steel or an electron conduc^^J ^erZtTJTs «f /•«.«=«^<^« ^ '"ade of coppe, nickel. 
Chromium or gold and in that in use a llyTr iTthe altel^^eins o^S tL "'^'"'^^^ «'««'■ 

Charging, wherebythe internal p.ssure^.ecri2:^r^^^^^^^^ 
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stantially free from an alteli metel a second e!2tr2^ i^^^ Tlf « «"rface sub- 

in contact With and separating ft e fiSS^^^fZt^'^''"^ and an electrolyte 
.hereby plating the suSace 6?the 5 ^^r^^^^^T^^lT" TT 

electrode to thesurfaceofthefirkelectrodSi^S^^ "^'f^'™*^ ^« '^<^ second 

in the thickness of the first electrode due to^ Stb^^l^T^!' T Tf^ ^'"^ characterised in that the increase 
thereby reducing me alkali metal^ndS oJJltS^ ^ '"'^^"'^ ^ 



I in the cell. 



so 



ss 



lhlck„.„ o( th. .ec<»i.k2lSr^ ^ """» " » 0«,«l»awy lower fta„ 
DETAILED DESCRIPTION OF THE INVENTION 

mermake it possible to use foils of onlyatoS 10 to 15 ?^!^ '^fl- 1 ®'«ctronic conductive poly- 

area. For exLple. there werVti^TJAsSl^siiJfr^^^ 
atcornparativel^ high current, durhg a srrt^^^^^^^^^ 

foil which is considerably thicker. The min ^S^teal^^ f!^^^^ ^® '°" expensive than a lithium 

yielding high capacity and energy ^ comparatwely thicker cathode. This results in cell 

K,i.?t is'^brap^sjszt'm^"^^^^^^^ ;r"'^";^ '^"^"^'^ ^ ^p'-' --^ 

Of cel.. in order to fab'Lte such a ;eMrSS,Se Tn C^^^^ ^PP"-"'- ^VPe 

as nekel plated steel is used as the ceil housino 20 ThCn =. . ! ■ . T ^ appropriate material such 
.ayer of any of the foils described abortt bTused Is me aS™S T"' 'IT « 
porous separator and a layer of a lithium l^as^S^^ThfT^ T^^ J ^ °' *® pemieable non^onductive 
Shown) affixed in me cell housing rxt tS e^ec^rM^^^^^^ ""T^'^ ^ (""^ 

[0023, U is a particular featured, me pr^ser^TS^Jf i^JSe^^^^^^ ' '"5 ^""'"^ '° '^^'^ 

since the foil which is used for me anode suonort te ^^n^ih f , ^H- Prepared in any environment. This is 
is no need ,0 seclude me anode fr^ft^ SJlerr ^ ' ""'"'^ '^'"^^'"a- ^"'^ 

anode, and by mis process l.ium is P^- ^^e^r^r^^^^^^^^^ 
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2S'.e?dlt";;;;Sir« o, m ' ^^-^ r ^T"^^ ^^^^m the ove^n mickness o. the anode increases 
[002S1 The following exan^les illustrate, but do not Ihnlt. certain aspects of the present Inv^ti^ 



EXAMPLE 1 



^ ^ 'abricated using the following components- 

[0027] A copper foil 1 5 microns thick was used as the anode support 

Sedr^ss^crSt::^;:^^^^^^ 

S?^^ M^STSLc"? P^lyP/fPy*"*- :c«'9^' «yP« 3402 separating and disposed between the anode and the cath- 
[^1 ?Sece^Si.«r ";!;°' ^•^'°''°'^««n<'tetrahyd,ofu«n (THP) was used as an electrSyte 

Sit. ' ~" *^ ^•"^a^ OCV) stabilized at a value of 

average working voltage was 3.8V. This lead to an energy density of more than k^wha a w i V^'" 
cha^cycles(at,east95%DOD,cellcapac.tydecreased^gZrc':;?^^^^ 

COMPARATIVE EXAMPLE 



EXAMPLE 2 



EXAMPLE 3 



EXAMPLE 4 



(003^ A cell was made as the cell of Example 1 except that the cathode contained UNiOb as active material Ono„ 
cell crcun potential was 0.75 VA,lt. Under the same charge/discharge regime as in B^l^ Z7^LZ"^o?sZ 
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in the first cycle, a value that decreased to 0.70Ah after 1 0 cycles. 
EXAMPLE S 

EXAMPLE 6 

10 

first discharge, a value ^S:^c^:::^^^S::^'^o'^:t ' '^'^^'^ 
^« EXAMPLE 7 

EXAMPLE a 

[00441 The cell delivered 1 .25Ah In the fi«t discharge. Cell capacity decreased to O.eOAh at the 1 0th cycle. 
EXAMPLE 9 

" s'^Sco^pr^fr^s:"^."''''^'"^^^ 
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EXAMPLE 10 



[0046] A laboratory type cell (Y Geronov et al. J. of Electrochemical Socletv 1 37 h Qon^ ciqoqx .«o. f «k • * • 



EXAMPLE 11 



srcoppr,rrs:e%?d'^^"^ 

fmSl if^'n K "^""^ ^"'"'"arizes experimental conditions and results of the above Examples 1 - 11 
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Example 



Anode 



Copper 



Nickel 



Cathode 



LIC0O2 



UC0O5 



Nickel LiCoOg 
plated on 
copper 



Copper 



Nickel 



Copper 



Copper 



Nickel 



Copper 



LiNiOa 



LINtO^ 



LiMn204 



LiCoOp 



LICoOo 



Electrolyte 



UAsFg 



LiAsR 



6 



LrAsFft 



LiAsFe 



LiAsFe 



LiAsFe 



LiBF. 



LICoOs 



LlClOa 



LiAsFe 



Solvent 



1.3 

dioxolane 
THF 



1,3 

dioxolane 
THF 



OCV(V) I Charge 
cut-off 
Voltage 
0.32 I 4A 



0.40 



4.1 



1.3 

dioxolane 
THF 



0.35 



4.1 



1.3 

dioxolane 
THF 



1.3 

dioxolane 
THF 

1.3 

dioxolane 
THF 

1.3 

dioxolane 
THF 



0.75 



4.1 



0.60 



0.70 



0.35 



4.1 



4.1 



4.1 



PC DEC 



1.3 

dioxolane 
THF 



0.40 



4.2 



0.38 



4.1 



Capacity 
(Ah) 1st 
cycle 

T2" 



1.1 



1.2 



0.95 



1.0 



0.85 



1.20 



1.25 



0.9 



Capacity 
(Ah) 10th 
cycle 

0.93 



0.95 



0.80 



0.70 



0.90 



0.80 



0.85 



0.60 



LiCoOg 



PVC/PC 



LICIO. 



0.30 



4.05 



PVC/PC 



LiCI04 



0.30 



4.05 



Claims 



1. A rechargeable electrochemical cell (10) comprising: 



consists essentially of lithium. 



2. A rechargeable cell according to claim 1 , wherein the alkali metal 
4. «'«^'S«'»""--«<l"».o^y».o,.,.p^»^c,.™««,«„co„p^,^,^.„„^^^ 
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separator (16) separating the first (12) and second (18) electrodes. 

rsSTt^ii'^^^'i^srs'^ 

R A rechargeable cell according to claim 3. wherein the non«,ueous solution is LiAsFg. UBF4 or LiCIO^. 

7. A rechargeable cell according to any one of the preceding claims, wherein the thickness of the first electrode ^^^^ 
18 considerably lower than the thickness of the second electrode (18). electrode (12) 

a A method of making a rechargeable electrochemical cell (10) comprising the steps of: 

me,r« 11?.'*^^'", ^ Tl^tr^ ^ ^'^"^ (^2) having a surface substantially free from an alkali 
metal, a second electrode (18) .nconporating ions of said alkali metal therein and an electrolyte (1 4)^n contac 
with and separating the first (12) and second (18) electrodes and 

applying ain external eleetrk»l current to the cell, thereby pliiting the surface of the first electrode with said 
alkali metal which is transferred as ions from the second electrode (18) to the surface of he JZ.,^- 
through the electrolyte (14). the method being characterised in that ihe ii^^rlass i^ *e tN^k^^ of 

9. A method according to claim 8. wherein said alkali metal consists essentialV of lithium. 

«> 12. A method according to claim 8. wherein the assembly in the cell housing contains a firet electrode (12) comorisino 

h r ; f "f"-"^''"'^*"'^ P°^o"s separator (16) therebetween and a nonaqueous elecUolyt?h4 n conte^ 
with the first (12) and second (18) electrodes and the separator (16). 

^ "•A'nethodaccortingtoanyoneofclaims8to12.whereinthe8urfaceofthefirstelect,ode(12)isacondu«^^^ 

"■^:>™er2rseu^^^^^ 

^i>'i^?,!l?aX2L?e?^To^l''^^ 

solvent having therein a salt of lithium or as a solid on conducting polymer huouus 

so JmTrSneT"""^ '° °" °' ^ ""^^ *^ ^ ^"""^ « =0 

19. A method according to claim 10 or claim 12. wherein the non-aqueous solution is LiAsF^. UBF4 or LiC104. 

ss PatentansprQche 

1. WIederaufladbare elektrochemische Zelle (10), umfassend: eine erste Elektrode (12) die an ihrerObemarh« <,i„» 
Schicht eines Alkalimetalls reversibel inkorporieren kann; eine zweite Elektrodt (18). ^0" ih^em^nne^n JlS 
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metallionen reversibel intorporieren kann; 
und 



einen Elektrolyten (14). der mit der ersten (12) und zweiten (1 8J ElektrortB m k-or,.=w . ^ ^. 

Nickel. Edelstahl Oder einem elektronenleitenden Polymer SSt "1^ ^'^^ f'^***^^ ''2) aus Kupfer. 
Ch«,m Oder Gold beschlch.eten Metal, besteh, und SllSweV^S^^^ '^Tl 
limetalls auf der Oberflache der ersten Elektrode /i2^ «.hZil!h k "®™f™' eine Schicht des Alka- 

Ze,.e (10, erhabt wird de«rt. dU^ Dtr^iCSSaren:^^^^^^^^ '""^ ^ 

2. Wiederaufladbare Zelle nach Anspruch 1 . 

bei der das Alkalimetall im wesentlichen aus Uhium besteht. 

3. Wiederaufladbare Zelle nach Anspruch 1 oder 2 

" Tairc^si^rrer?;?^^^^^^ 

S^rC' J?r4St;S' ''^ vorangehenden Ar,sprOche. be. der die Dicke der ersten Elektrode (1 2, 

a Wiederaufladbare Zelle nach Anspruch 3. 

bei der die nichtwassrige Losung LiAsFe. 'LiBF4 oder UCIO4 1st 

t. z-m He«,.ll,„ .™, wiMeraunadMr., ««M>«M«a»„ ZMI. (10), mil dm sairtlMo; 

9. Verfahren nach Anspruch 8, 

bei dem das Alkalimetall im wesentlichen aus Lithium besteht. 

10. Verfahren nach Anspruch 8 oder 9 

11. Verfahren nach einem der Anspruche 8 bis 10 

El':;de trent ^ "^'^"^ '"^^^^ nk*tte«fah.ger Separator (16) die erste (12) und zwe«e (18) 

12. Verfahren nach Anspruch 8 

schenangeordnetennichtleitfahigenpor^rSeparSS^^^ 

mtt der ersten (1 2) und zweiten 8) ElektrSe u^d rr^'^^e^l^^^^^^^^^^^^ ^'^^-Vt- d^) in Kontakt 

13. Verfahren nach einem der Ansp. uche 8 bis 12, 
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bei dem die Oberflache der ersten Elektrode (12) ein leitfahlges Metall ist 

14. Verfahren nach einem der AnsprOche 8 bis 13. 

bei dem die erste Elektrode (12) aus einem aus Kupfer. Nikkei und Edelstahl ausgewahlten Material besteht 

15. Verfahren nach einem der AnsprOche 8 bis 13, 

belfehT "^'^ ^'^^^ (12) aus etnem mit Kupfer. Nikkei. Edelstahl. Chrom Oder GokJ beschichteten Metall 

16. Verfahren nach einem der AnsprOche 8 bis 12, 

bei dem die erste Elektrode (12) aus einem elektronenleitenden Polymer besteht 

17. Verfahren nach einem der AnsprOche 12 bis 16. 

^^T.'^Z ^ c'*'fJ^ ^^"^^ entwederals ein nichtwSssriges L6sungsmittel. das ein Lithiumsalz enthalt. oder als 
lorenloitender Festkorperpolymer gebildet wird. 

18. Vfirfaliran nach einem der AnsprOche 8 bis 17, 

bei dem die erste Elektrode (12) eine Dicke von 5 bis 50 jun (Mikron) hat. 

19. Verfahren nach Anspruch 10 oder 12, 

bei dem die nichtwassrige Ldsung LiAsFe. LiBF4 oder IJCIO4 ist. 

Revendlcations 

1. Cellule dle(^rochimk)ue rechargeable (10) comprenant : 

sUrfie dJSleSr^* ^^^^ reversible une couche d-un mdtal aicaim sur une 

una second© 6lectrode (18) qui peut incorporer de mani6re reversible des ions de mdtaux atealins et 
un electrolyte (14) plac6 au contact de la premiere (12) et de la seconde (18) electrode et lee sep^rant, 

caracterisee en ce que la cellule est k un etat non charge et la premiere eiectnxJe (12) est torm6e de cuivre 
de nicke , d ac.er inoxydable ou d'un polymere conducteur d'eiectrons. et est fomiee d-un metal revStu de cuivre" 
de nickel, tfacier inoxydable, de chrome ou d-or. et en ce que, pendant rutilisation. une couche de metal aicalin' 
« b pramiere electrode (12) pendant la charge, si bien que la pression interne de la 
cellule (10) augmente afin que la formatton de dendrites de metaux aicalins soit reduite. 

2. Cellule rechargeable sekxi la revendication 1 . dans laquelle le metal aicalin est essentlellement le lithium. 

3. Cellule rechargeable selon la revendication 1 ou 2, dans laquelle I'eiectrolyte (14) est un solvant non aaueux 
contenantunsel d'un metal atealinouun polymere solWe conducteur d'fons n soivani non aqueux 

4. Cellule rechargeable selon Pune queteonque des revendlcations prec6dentes, comprenant en outre un separateur 
non conducteur poreux (16) separant la premiere electrode (12) de la seconde (18). t«>««»ur 

5. Cellule rechargeable selon Tune queteonque des revendlcations pr6c6dentes, dans laquelle l'6paisseur de la pre- 
miere electrode (12) est comprise entre 5 et 50 nm. 

6. Cellule rechargeable selon la revendicatton 3. dans laquelle la solutwn non aqueuse est LiAsFe. LIBF4 ou LiCI04. 

7. Cellule rechargeable selon I'une queteonque des revendlcations precedentes dans laquelle l'6paisseur de la pre- 
miere electrode (12) est conskJerablement interieure e repaisseur de la seconde electrode (18). 

a Precede de fabrication d'une cellule eiectiochimique rechargeable (10) comprenant les etapes suivantes : 

('assemblage, a I'interieur d'un bottler de cellule (20), d'une premiere electrode (12) ayant une surface prati- 
quement depoun/ue d'un metal aicalin. d'une seconde electrode (18) incorporant des ions du metal ak:alin et 
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Stef S'et ^ ^ (1 2) at de la seconds Electrode (1 8) et s6parant 

I'application d-un courant diectrique exterieur k la cellule, si bien que la surface do la premifire electrode est 
revStue damdtal atealin qui est transMrt sous forme d'ions de la seconds electrode m ti sSac^det 
prem.6re Electrode par rinterm6diaire de l-filectrolyte (1 4). le p«c6d6 Stant caract^risi en L que iSLamen 
tetion de r6pa«seur de la premiere 6lect«xle (12) due au d6pat du m6tal ateaBn augmVnte |a pSioJSme 
de la cellule (10) et r6duit ainsi la fonnation de dendrites de m6tal alcalin. ^"Smanie la pressnn interne 

9. Proc6d6 selon la revendicatlon 8. dans lequel le m6tai alcalin est essentlellefnent constitud de lithium. 

10. Proc6dd selon la revendication 8 ou 9. comprenant la formation de rdlectrolyte (14) sort sous forme d'un solvant 
non aqueux contenant un sel d'un m^tai alcalin soit sous torn,* d'un polym*i!e solide conducteurTonique. 

''""^ Vtf^e des revendications 8 h 10. comprenant la fom«tion de la cellule dans laquelle 
un separateur non conducteur poreux (16) sdpara la premiere Electrode (12) de la seconds (18) 

^Tf^ la revendication 8. dans lequel I'ensemble plac6 dans le bottler de la cellule contient une premi&re 
Electrode (12) qu, comprend una structure analogue ^ un sandvvich dun film qui est essentiSSrZtXoru de 
Irthium. une seconds Electrode (18) qui contient des ions lithium, un sSpaiatsur porsux non oS^e^^e^i^l 

^e^ZTc^::^^''' revsndica«ons 8 . 12. dans lequel ,a surface de la premiers ..ectrode (12) 

''•ssircrsirjr^^^^^^^^^ 

IS. Procddd selon Tune quelconque des revendications 8^13. dans lequel la premidre disctrode (1 2) est lormde rfun 
mdtal revdtu decuivre, de nickel, d'acier inoxydabls. de chrome ou d'or. u^; esiiomiee a un 

p'^C.fstTdiruSs^^^^^ 

i^J^n^Tr^"^^"^"^ revendications 12^16. comprenant la fomiation de r^lectrolyte (14)soitsous 
fomie d un solvant non aqueux contenant un sel de lithium sort sous tom,e dun polymfere solids conducteur ionfue 

SSJse^'STeTetK"''"'''''''''^^^^^^ 
19. Proc6d6 selon la revsndication 10 ou 12. dans IsqusI la solution non aqueuss est LiAsFg. LiBF^ ou LiCI04. 
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FIG.l 
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